Multiple linear regression equations round for which reactance was a fifth predictor. The P predicting total skeletal muscle ( T M ) and total value for the resistance coefficient was <.001 for all 16 skeletal fat-free muscle (TFFM) of chuck, rib, loin, prediction equations. Adjusted R2 values of the and round were developed from data of 33 beef cows.
Introduction
Value-based marketing and( or) processing of meat products is dependent on objective, accurate measurements of characteristics for which differential pricing and(or) processing can be based. Bioelectrical impedance has shown promise as a nondestructive method to assess weight of muscle, fat-free muscle, and retail-ready cuts of live and abattoir-processed pigs (Marchello and Slanger, 1992; Swantek et al., 19921, sheep (Cosgrove et al., 1988; Jenkins et al., 1988; Berg and Marchello, 1994; Slanger et al., 19941 , and beef (Johns et al., 1992; Marchello and Slanger, 1994) . Because of its accuracy, simplicity, and portability, bioelectrical impedance technology can be primal cut. The two detector electrodes were placed 5 cm from the transmitter electrodes on the straight line between the two transmitter electrodes. Besides Rs and &, weight, temperature, and distance ( L , centimeters) between detector terminals were recorded for each cut.
Resistance and X, were measured with two sizes of electrodes. Twenty-gauge Vacutainer needles (Becton Dickinson, Rutherford, N J ) were inserted to a depth of 25.4 mm for all cuts. Thirteen-gauge (larger) stainless steel needles were inserted to a depth of 50.8 mm for ribs and loins and to a depth of 76.2 mm for chucks and rounds. Ribs, loins, and rounds were measured through the thickest part of the muscles along the sagittal plane of the carcass. The chuck was measured at the midpoint of the chuck over the clod area on the transverse plane. Each cut was physically separated into muscle ( TM), fat, and bone. Chemical composition (moisture, protein, and fat; AOAC, 1990) was determined on the muscle portion. See Marchello and Slanger (1994) for details. Fat-free muscle ( TFFM) was determined by multiplying TM weight x 1 minus the percentage of fat from the proximate analysis.
Measurement of marbling using bioelectrical impedance technology was explored. Insulated (except for the end 1.5 cm) 13-gauge needles were inserted into the center of each loin from the fat-cover side. The first needle was inserted into the center of the loin, 5 cm from the anterior end. The remaining three needles were inserted approximately the same depth as the first needle. The two transmitter electrodes were 20 cm apart for each loin. Each of the two detector electrodes were 5 cm from their respective transmitting electrodes and on the straight line between the two outside electrodes. These distances were kept constant for each loin because working with anatomical reference points in practical applications could be cumbersome and slow. Measuring the depth to which the needles penetrated each loin and recording the ribeye area allowed the issue of volume to be addressed. Volume was approximated as the product of 10 cm (distance between detector electrodes) and longissimus muscle in square centimeters.
The actual percentage of fat (marbling) within the muscle was chemically determined from a crosssection sample of the longissimus muscle (approximately 450 g ) taken at the 12th rib. Prediction equation development used the many statistical techniques of PROC REG from SAS (1988). The approach was to first examine the data for outlier observations and then study multicollinearity among independent variables, stability of estimated multiple linear regression coefficients, the independent variable subset equations with the higher R2 values, and 
aElectrodes were 20-gauge needles inserted to a depth of 25.4 mm. bStandard error and P-value of test that true coefficient value is 0, respectively, are given in 'n, Mallows Cp, adjusted R2, and residual error standard deviation, respectively. dElectrodes were 13-gauge needles inserted to a depth of 50.8 mm.
parentheses. 51, Mallows Cp, adjusted R2, and residual error standard deviation, respectively. dElectrodes were 13-gauge needles inserted to a depth of 50.8 mm.
Mallows Cp values (SAS, 1991) . Four indicators of outliers were used. These were the studentized residuals, differences between predicted value of the ith observation obtained by the equation estimated by all observations and the equation estimated from all observations except the ith, the standardized differences of each individual coefficient estimate resulting from the omission of the ith observation, and partial residual plots. See SAS (1991) for a discussion of these techniques. Appropriateness of equations were further studied by plotting residuals against predicted values and against values of each of the independent variables in the prediction equations. Relationships among variables were also studied by using partial correlation coefficients (Snedecor and Cochran, 1980 aElectrodes were 20-gauge needles inserted to a depth of 25.4 mm. %tandard error and P-value of test that true coefficient value is 0, respectively, are given in parentheses.
'n, Mallows Cp, adjusted R2, and residual error standard deviation, respectively. dElectrodes were 13-gauge needles inserted to a depth of 76.2 mm. counted for variation in TM and TFFM were tested with F tests. Table 1 shows the means, standard deviations, minimums, and maximums of the measurements. Negative reactance values, of which there were three, are not included. Fat ("as is") was similar for chuck, rib, and loin, ranging from 3 to 19%. Round fat content ranged from 2 to 9%. Tables 2 to 5 A Mallows Cp less than !p + 1) indicates that too many independent variables are in the prediction equation (SAS, 1991) . Temperature was not always statistically significant; however, its inclusion resulted in Mallows Cp values closer to the ideal. These results indicate that bioelectrical impedance can be used to accurately assess TM and TFFM of beef cow primal cuts.
Results and Discussion
There is a cautionary note with regard to the positive results of the last paragraph. The variance inflation factors were not as ideal as those for the prediction equations for live animals and carcasses of Marchello and Slanger (1994) . This means the prediction equations associated with the primal cuts seem to be somewhat less stable. A variance inflation factor is 1/(1 -RH), where R: is the coefficient of determination for the regression of the ith independent variable on all other independent variables. The variance of the estimator of the corresponding regression coefficient is larger by this factor than it would be if there were no multicollinearity. The less multicollinearity, the more stable the prediction equations (i.e., the value of the coefficients would not be expected to change much upon their reestimation with additional data [SAS, 19911) . A variance inflation Table 7 . Percentages of variation (R2 x 100) in kilograms of muscle [TM) and fat-free muscle (TFFM) accounted for by combinations of independent variables measured on the rib of beef cows with smaller and larger electrodes and results of testing for statistical significance of R2 increases aWt = weight, L = length between inside electrodes, R, = resistance, Temp = temperature in 'C. bElectrodes were 20-gauge needles inserted to a depth of 25.4 mm. 'Values in parentheses are the P-values of the F test for testing whether o r not inclusion of the last independent variable listed in the dElectrodes were 13-gauge needles inserted to a depth of 50.8 mm.
column heading significantly increased R2 over the R2 obtained with the other variables listed in the heading. NS = nonsignificant. Table 8 . Percentages of variation (R2 x 100) in kilograms of muscle (TM) and fat-free muscle (TFFM) accounted for by combinations of independent variables measured on the loin of beef cows with smaller and larger electrodes and results of testing for statistical significance of R2 increases factor exceeding 10 may be cause for concern. None of the variance inflation factors of the regression equations of this paper were anywhere near this value of 10. For those equations with weight, L, temperature, and R, as predictors, all four variance inflation factors were similar in numeric values across the equations.
Those for weight and L were generally higher than those for temperature and R,. Tables 6 to 9 present unadjusted R2 values for various combinations of predictor variables with P values of tests for R2 increases for the 16 combinations of cut, electrode size, and TM or TFFM. Weight alone accounted for 57.9 to 93.9% of the variation in TM and TFFM. Weight alone accounted for more TM and TFFM variation in the chuck and round than in the rib and loin. Except for rib TFFM, L did not account for variation when weight was the only other independent variable. However, L did account for variation over and above variation accounted for by weight and Rs for rib, loin, and round. This implies that L is important t o have in the model in order to adjust for R,' s direct relationship with L for these three cuts.
Adding Rs as a predictor variable of chuck, loin, and rib increased R2 ( P < .OOl) over those obtained with just weight and L. The analogous P values of the round data ranged from .009 to .136, Temperature was also often an accounter of variability ( P < .159 for 11 of 16 combinations). Temperature was negatively related to Rs and X, except for ribs and chucks measured with smaller electrodes. Temperature was positively associated with TM and TFFM, especially so with the chuck and round. Presumably this is because it takes longer for larger cuts to cool down. Assemblyline processed primals may be of more uniform temperature than those of these data. Reactance was important for predicting TM and TFFM of round. An explanation for this is that, in general, rounds are leaner; thus, they contain a higher percentage of water. Some of this water is extracellular and Segal et al. (1987) has shown that X, is a significant predictor of extracellular water.
Using the equations associated with data collected with the smaller electrodes, the correlations between 11-(predicted TFFM)/(predicted TM)] x 100 and [l - Table 9 . Percentages of variation (R2 x 100) in kilograms of muscle (TM) and fat-free muscle (TFFM) accounted for by combinations of independent variables measured on the round cut of beef cows with smaller and larger electrodes and results of testing for statistical significance of R2 increases (actual TFFM )/(actual TM)] x 100 for chuck, rib, loin, and round were .61, .79, 2 4 , and .56; respectively. The analogous values for the prediction equations developed from the measurements collected with the larger electrodes were 5 7 , .76, .80, and .36. In summary there were more similarities than differences among the four primals with regard to predicting kilograms TM and TFFM.
The marbling results were also positive. The prediction equation for percentage fat ("as is") was -20 + .32 x Rs -.ll X, + .36 x temperature + .58 x needle depth + .0078 x volume. The n, Mallows Cp, adjusted R2, and residual error standard deviation for this equation were 27,5.63, .83, and 1.00, respectively.
All coefficients were significant ( P < .052). The relationship between visual marbling score and predicted fat ("as is") was linear; the predicted marbling score was 2.46 + .59 x predicted fat ("as is").
Adjusted R2 and linear regression coefficient P value were .58 and < .001, respectively. These data indicate that there exists a potential to assess quality objectively using bioelectrical impedance.
Implications
Bioelectrical impedance is an accurate, rapid, and nondestructive method for determining weight of skeletal muscle and fat-free skeletal muscle of beef cow primal cuts and can be used as a value-based marketing tool. There is also potential to objectively measure marbling using bioelectrical impedance.
